why such preferences should be long-lasting, if indeed they last longer than the seven days demonstrated by Darmaillacq et al. [1] . In both sexual and filial imprinting -animal imprints on features of mother or siblings [7] -the benefits to both the timing and duration of the imprinting are reasonably clear: life-long retention of the memories of the features of siblings will be useful for all mate choices so as to avoid inbreeding. Likewise, learning the adult features of members of your species so as to avoid mating with the wrong species will not become redundant, even as experience of mate choice (and with the outcomes of that choice) increases.
Food imprinting, on the other hand, would seem less valuable in the long term. For any long-lived animal, in particular one living in even somewhat changeable environments, a durable food preference may even be costly. In humans, for example, food preferences developed during childhood may contribute to poor eating patterns in adulthood [8] . Understanding the role of learning mechanisms such as imprinting, and the importance of sensory and social context on food preferences, may shed light on what appear to be inappropriate food choices and consumption patterns, for example, over-consumption of foods high in sugar and fat [9, 10] .
Finally, determining the existence of, and the context in which food imprinting occurs, across species will aid our understanding of the generality of learning mechanisms. There continues to be debate as to whether natural selection has shaped the occurrence or kind of learning abilities animals possess [11] . The discovery, for example, that not all animals imprint on food would contribute to the question of whether or not there are adaptive specialisations in cognition (for example [12] Left-Right Asymmetry: ActinMyosin through the Looking Glass
Despite being bilaterally symmetric, most Metazoa exhibit clear, genetically determined left-right differences. In several animals, microtubule-based structures are thought to be the source of chiral information used to establish handedness. Now, two new studies in Drosophila identify a role for unconventional myosin motors in this process.
Buzz Baum
'If events show a certain dissymmetry, the same dissymmetry should be revealed in their causes.' Pierre Curie, 1894.
Although bilateral animals appear left-right (L-R) symmetric from the outside, their internal organs often exhibit stereotypical L-R differences in their position and morphology [1, 2] . Our hearts, for example, are usually on our left-hand side. Although it is still not clear how this difference between the left and right sides of embryos is specified, the process is known to be under genetic control [3] . Surprisingly, when genes required for L-R patterning were first cloned, several were found to code for components of tubulin-based cilia: including two microtubulebased motors [4, 5] , prompting the search for a causal link between cilia and L-R patterning. The results were spectacular: it was discovered that in the early mouse embryo, in a structure called 'the node', ordered rows of tilted cilia rotate in a clockwise direction to power a leftward flow of extracellular fluid [3] . As artificially reversing this flow is sufficient to reverse L-R symmetry [6] , the cilia-based movement is likely to play a causal role in L-R symmetry breaking -perhaps through the establishment of a gradient of an extracellular signalling molecule or through mechanosensation [3] . Although the case in mouse is compelling, cilia do not appear to be at the right place and time to be involved in the establishment of handedness in a variety of other systems [7, 8] . Hence the significance of the recent discovery of a role for myosin I motors in the regulation of handedness in the fruit fly [9, 10] . Flies have an exquisitely symmetric cuticle, but some internal structures are L-R asymmetric, including a twisted gut and genitalia. Therefore, to identify genes involved in the establishment of handedness, Speder et al. [9] and Hozumi et al.
[10] screened fly embryos for mutations that cause defects in the looping of the gut and in genital disc rotation. Remarkably, both screens identified an actin-based motor, Myo31DF [9, 10] . In the absence of Myo31DF, structures that normally loop one way now loop the opposite way, generating 'looking-glass' flies that are both viable and fertile (Figure 1 ). Because symmetry is not randomized in the mutants, Myo31DF is likely to function in the context of a more complex system to break L-R symmetry. This idea is validated by the demonstration that overexpression of Myo61F, a related myosin I family member, mimics loss of Myo31DF, reversing the looping of the midgut, hindgut and testes [10] . Interestingly, the foregut expresses Myo61F (K. Matsuno, personal communication), but not Myo31DF and is unaffected by loss of Myo31DF [10, 11] . In addition, in this tissue handedness is reversed by the uniform expression of Myo31DF, but not Myo61F. These results show that Myo31DF and Myo61F play antagonistic roles in the regulation of L-R symmetrybreaking. As the foregut and hindgut follow a similar morphogenetic program, in which a bend along the dorso-ventral (D-V) axis is rotated by 90 degrees to generate a sinistral loop [12] , it also presents a conundrum. Why does a different myosin I family member dominate in different tissues, and how can Myo31DF induce a sinistral twist in the hindgut and a dextral twist when expressed in the foregut? More work needs to be done to reveal the pathway from myosin I function to asymmetric morphogenesis. However, these results suggest that Myo31DF and Myo61F are more likely to interact with existing axial cues to initiate L-R symmetry breaking than to bias the process of loop formation itself.
The studies by Speder et al. [9] and Hozumi et al. [10] also show that the rotation of a single tissue, such as the foregut, can be reversed in an otherwise normal animal. This proves that in Drosophila handedness is a tissue-specific trait, instead of being globally defined, like the anterior-posterior (A-P) and D-V axes. Because of this, genetic tricks can be used to perturb Myo31DF expression during metamorphosis to turn a normal fly larva into its mirror image adult. Speder et al. [9] were able to use similar tools to show that cortically localized Myo31DF acts during a three hour period of metamorphosis in the A8 segment of the genital disc to control the dextral looping of the testes. As the A8 segment contributes little to the adult, the structure acts as an 'organizer' to direct the rotation of the entire genital disc epithelium [9] . Therefore, although the fly lacks an overall L-R axis, handedness information can be communicated between adjacent tissues to coordinate morphogenesis.
How might myosin I motors generate L-R handedness? To begin answering this question, it is important to recognize that the establishment of the two major orthogonal axes of an embryo predetermines which is the left and which is the right side [13] . As a consequence, objective chiral information is required as a point of reference to accurately specify left and right after the establishment of the two primary orthogonal axes [13] . Because few sources of objective chiral information are available to an embryo (plants frequently use the rotation of earth as a guide to spiral growth), we can expect this information to be derived from a molecular template that is stably oriented with respect to the A-P and D-V axes. Semirigid actin and microtubule based filaments seem to be good candidates for the source of L-R asymmetry [1, 14] . Once L-R symmetry has been broken at the molecular scale, the challenge is to amplify this polar signal and translate it into asymmetric tissue organization. The decision to implement L-R symmetry-breaking, however, can be carried out autonomously and delayed indefinitely in any tissue that is able to read local A-P and D-V axial information.
In identifying myosin I as a regulator of chirality, the work of Speder et al. [9] and Hozumi et al. [10] suggests that in flies ATP-dependent movement of myosin I motors along the right-handed helical twist of individual actin filaments is the most likely source of chiral information [9, 10, 15] . To distinguish left from right, actin filaments must be organized in parallel bundles, like those seen within the microvilli in the developing fly gut. In support of this idea, in other systems, myosin I motors play an important role in microvilli morphogenesis and can be seen in electron micrographs forming a helical staircase of cross-bridges linking actin filament Figure 1 . Left-right asymmetry in Drosophila.
Images show dorsal and ventral views of Drosophila embryos. In Myo31DF mutants (B,E), midgut (mg) and hindgut (hg) looping is reversed compared to wild-type (A,D). Overexpression of Myo31DF has no effect in most tissues but reverses the direction of foregut (fg) looping (C). With permission from [10] .
bundles to the membrane of gut microvilli [16] , where they are thought to drive membrane towards the tips of protrusions. Although it is not yet clear whether myosin I homologues play a similar role in the fly, Myo31DF and Myo61F are found localized to the brush borders of fly hindgut epithelial cells soon after the gut has taken on its characteristic sinistral twist [11] . In addition, over-expression of the ERM-protein Moesin, another key regulator of microvilli structure, randomizes the direction of Myo31DF and Myo61F dependent L-R morphogenesis [10] , suggesting a link between L-R symmetry-breaking and microvilli. As Myo31DF and Myo61F are both expected to move towards the barbed ends of actin filaments, the functional antagonism between these motors is likely to be mediated by differences in their cargo. The conserved IQ domains of myosin I may also play a role since they are essential for symmetry breaking [9] , and target a mouse myosin I to brush borders [17] . In a search for relevant cargo, Speder et al. [9] identified beta-catenin bound to the tail domain of Myo31DF. Intriguingly, beta-catenin also binds Inversin, the only protein capable of reversing L-R determination in the mouse [18] [19] [20] , where it may be linked to cadherin-mediated adhesion or Wnt signalling. These data point to a possible link between these processes in the mouse and fly. Clearly, more has to be done before we understand the functions of Myo31DF and Myo61F in L-R symmetry-breaking. But, given the excitement generated by these findings, we will soon learn whether the functions of myosin I motors in other bilateral animals mirror those of Myo31DF and Myo61F in the fly. T-Cell Memory: The Importance of Chemokine-Mediated Cell Attraction A recent study demonstrates the involvement of certain chemokines in immune response initiation and CD8 + T-cell memory formation. These seminal findings broaden our understanding of the role of chemokines in adaptive immune processes.
Bernhard Moser
Chemokines represent a class of pro-inflammatory cytokines that have the ability to attract and activate leukocytes. Our current knowledge about chemokines and adhesion molecules underscores the strict relationship between leukocyte localization and leukocyte function [1, 2] . In the case of T-and B-cell responses, three key events are regulated by chemokines, namely pathogen contact and processing in the tissue, immune response initiation in the draining lymph node, and pathogen neutralization by newly generated, pathogen-specific effector cells. Recent work by Ron Germain and colleagues [3] now demonstrates that chemokines
